
Radiometer, sighting device for a radiometer and method therefor 

Cross Reference to related Co-Pending Applications 

5 This application claims the priority of the corresponding German National Application 
Serial No. 103 36 097.2 filed on August 6^*". 2003 and entitled RADIOMETER, 
VISIEREINRICHTUNG FUER EIN RADIOMETER SOWIE VERFAHREN which is 
commonly assigned and the contents of which is expressly incorporated herein by 
reference. 
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Field of the invention 

The invention relates to a radiometer for the contactless temperature measurement of 
objects. The radiometer is moreover provided with a sighting device for visualizing the 
15 measuring surface of the infrared sensor on the object. In addition, the invention relates 
to corresponding sighting devices. The invention moreover relates to methods for 
producing a visible marking of the measuring surface of an infrared sensor on the object. 
The invention finally relates to the adjustment of light sources in the sighting device. 

20 Background of the Invention 

Radiometers serve to detect the temperature of an object in a contactless manner by the 
detection of the infrared (IR) radiation emitted by the object by means of an IR detector. 
The area of the object, the radiation of which is detected by the detector, is called 

25 radiation measuring surface or only measuring surface of the temperature measuring 
device. In order to measure the temperature reliably, it is important to know the location 
and the size of the measuring surface. The location and the size of the measuring 
surface depend on the alignment of the measuring device, the construction of the 
detector, the properties of an I R optics and the measuring distance. Different kinds of 

30 construction of sighting devices for the visualization of measuring surfaces are known, 
which produce a visible marking inside and/or at the edge of the measuring surface. 

The marking can, for example, comprise several light points which are produced at the 
edge of the measuring surface by means of one laser or several lasers and adapted 
35 projection lenses. According to DE 196 54 276 A1 the light points are produced with 



2 

laser beams extending to each other in a skew manner, each of which are directed into 
the desired direction by means of a deviating prism. 

It is known from EP 0 867 699 A2 and US 5,368,392 to mark the measuring surface by a 
5 continuous bordering line. The bordering line may be produced by a rotating laser. 
According to another embodiment, a laser beam is deflected by a rotating mirror such 
that it produces a circular bordering line on the object. If the laser beam is moved at a 
frequency of more than 30 Hz it seems to draw a continuous bordering. Another 
embodiment of said documents uses a beam splitting device for splitting one laser beam 
10 into a plurality and for marking the periphery of the measuring surface with several 

points. An optical fiber bundle may be used as beam splitting device. Alternatively, also 
several individual lasers may be employed. 

Documents EP 0 458 200 A2 and US 5,172,978 disclose a radiometer whereof the 
15 sighting means is coaxially arranged about a combination of a detector and a condensing 
lens. With said condensing lens the detector is projected on the object in a focused 
manner. The measuring surface merely has the size of the sensor surface of the 
detector. The sighting device is formed by at least one concentric Fresnel lens, with 
which an additional light source is projected onto the object, likewise in a focused 
20 manner. The IR beam path is separated from the beam path of the visible light. 

According to an embodiment described in said documents two concentric Fresnel lenses 
may be employed. According to another embodiment described in said documents an 
annular mirror may be employed together with an annular lens for projecting the visible 
light. 

25 

A similar radiometer is known from DE 100 36 720 A1 . The annular lens known from EP 
0 458 200 A2 is called a toroidal lens. Since said document discloses that marking light 
hits the rear side of the toroidal lens, here, too, the IR beam path is separated from the 
beam path of the visible light. According to an embodiment the IR optics finitely projects 

30 the detector along an optical axis so that the measured beam path is a hyperboloid with 
one shell. The corresponding marking beam path is formed in that light from the light 
source is deviated into straight paths at the toroidal lens, with the paths extending to 
each other in a skew fashion and to the optical axis on a hyperboloid surface which 
encloses the measured beam path. The marking beam path therefore shows a narrowest 

35 contraction. For producing the marking beam path, the toroidal lens has a non- 

rotationally symmetrical lens body, the rear side of which is a conical surface and the 
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front side of which is a piece-wise, continuous screw-shaped annular surface. Disclosed 
are annular surfaces with one, two, ten and thirty-six sections. 

It is desirable to provide an improved radiometer, sighting device and corresponding 
5 methods. 

Summary of the Invention 

According to an embodiment of the invention a sighting device for a radiometer for visibly 
10 marking a measuring surface is provided. The radiometer measures the temperature of 
the measuring surface. The sighting device comprises a light source emitting a visible 
light beam marking the measuring surface and a piezoactuator for controlling the 
direction of the light beam. 

15 According to another embodiment a sighting device for a radiometer is provided. The 
sighting device visibly marks a measuring surface, the temperature of which is 
measured by the radiometer. The sighting device comprises a light source for 
emitting a visible light beam marking the measuring surface and an actuator for 
controlling the direction of the light beam. The actuator comprises a coil and a 

20 magnet. The magnet is located in the interior of the coil so that, in response to the 
current flow, the coil presses the magnet out of the coil or pulls it into the coil. 

According to a further embodiment a sighting device for a radiometer for visibly marking 
a measuring surface is provided. The sighting device comprises least three light sources 
25 and a control circuit. Each of the three light sources emits a visible light beam; and said 
light sources being arranged such that said light beams generate bright points at an edge 
of said measuring surface. The control circuit switches the light sources on and off. The 
control circuit is connected to each of said light sources and constructed such that at 
most two light sources are switched on simultaneously. 

30 

According to yet another embodiment a sighting device for a radiometer for visibly 
marking a measuring surface is provided. The temperature of the measuring surface is 
measured by the radiometer. The sighting device comprises light source which a light 
source for emits a visible light beam marking the measuring surface. The light source 
35 guides the light beam at a constant angular velocity and the sighting device comprising a 
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sectorized mirror upon which the light beam falls. The sectorized mirror causes a 
stepwise change of a direction of the light beam. 

According to yet a further embodiment a sighting device for a radiometer for visibly 
5 marking a measuring surface is provided. The temperature of the measuring surface is 
measured by the radiometer. The sighting device comprises a light source, an individual 
receptacle and a fixation. The light source mounted In a housing. The receptacle has a 
hollow space which is larger than the outer dimensions of a housing of the light source 
and receives the housing of the light source. The fixation fixes the housing of the light 
10 source in the hollow space and is formed such that an optical axis of the light source 
extends parallel to a mechanical axis of the individual receptacle. 

According to yet another embodiment a sighting device for a radiometer for visibly 
marking a measuring surface is provided. The temperature of the measuring surface is 
15 measured by the radiometer. The sighting device comprises a plurality of light sources 
and a plurality of individual receptacles. One individual receptacle is provided for each 
light source. An optical axis of each light source is aligned parallel to a mechanical axis 
of the corresponding individual receptacle. 

20 According to yet a further embodiment a radiometer is provided. The radiometer 

comprises an IR detector, a lens and a light source. The lens is arranged with respect to 
the IR detector such that it focuses IR radiation from a measuring surface to the detector. 
The light source emits visible light for marking the measuring surface. The beam path of 
the visible light extends through the lens. 

25 

According to yet another embodiment a radiometer is provided which comprises an IR 
detector, a lens and a light source. The light source emits visible light for marking a 
measuring surface. The lens being arranged with respect to the IR detector such that it 
focuses IR radiation from a measuring surface to the detector. The lens is inclined versus 
30 the optical axis so that the reflected portion of the IR radiation encountering the outer 
side of the lens is smaller than a reflected portion of the light of the light source 
encountering the outer side of the lens. 

According to yet a further embodiment a method for a radiometer of visibly marking a 
35 measuring surface is provided. The method comprises emitting a visible light beam by a 
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light source for marking the measuring surface. A direction of the light beam is controlled 
by means of a piezoactuator. 

According to yet another embodiment a method for a radiometer of visibly marking a 
5 measuring surface is provided which comprises emitting a visible light beam by a light 
source for marking the measuring surface. The direction of the light beam is controlled by 
means of an actuator, wherein the actuator comprises a coil. A magnet is located in an 
interior of the coil so that, in response to a current flow through the coil, the coil presses 
the magnet out of the coil or pulls it into the coil. 

10 

According to yet a further embodiment a method for a radiometer of visibly marking a 
measuring surface, comprises emitting visible light beams by at least three light sources 
for marking the measuring surface. Each light source emits one light beam. The light 
sources are switched on and off. At most two light sources are switched on 
15 simultaneously. 

According to yet another embodiment a method for a radiometer of visibly marking a 
measuring surface is provided. The method comprises emitting a visible light beam by a 
light source for marking the measuring surface. The light beam is guided at a constant 
20 angular velocity. The direction of the light beam is changed stepwise by a sectorized 
mirror. 

According to yet a further embodiment a method for a radiometer for adjusting a light 
source for visibly marking a measuring surface is provided. A housing of a light source is 
25 introduced into an individual receptacle. An optical axis of the light source is aligned 

parallel to a mechanical axis of the individual receptacle. The housing of the light source 
is fixed within the individual receptacle. 

According to yet another embodiment a method for a radiometer for adjusting a light 
30 source for visibly marking a measuring surface is provided. Each light source of a 
plurality of light sources is introduced into an individual receptacle. An optical axis of 
each the light sources is aligned parallel to a mechanical axis of the corresponding 
individual receptacle. The light sources together with the receptacles are assembled into 
a sighting device. 
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According to yet a further embodiment a method for a radiometer is provided. IR 
radiation emitted by a measuring surface is focused by means of a lens on an I R 
detector. A temperature of the measuring surface is determined on the basis of a signal 
supplied by the IR detector. The measuring surface is marked by visible light. The visible 
5 light is guided through the lens. 

According to yet another embodiment a method for a radiometer is provided. IR radiation 
emitted by a measuring surface is focused by means of a lens on an I R detector. The 
lens is inclined versus an optical axis. A temperature of the measuring surface is 
10 determined on the basis of a signal supplied by the IR detector. Visible light is emitted 
onto an outer surface of the lens so that a reflected portion of the IR radiation 
encountering an outer side of the lens is smaller than the reflected portion of the visible 
light of the light source encountering the outer side of the lens. Visible light reflected by 
the outer surface of the lens marks the measuring surface. 

15 

The advantage of the fact that the beam paths of both the visible light for marking the 
measuring surface and the IR radiation extend through one and the same lens resides in 
that a misalignment between the beam paths is kept small. Thus, a great accordance 
between the marking and the actual measuring surface is achieved independently of the 
20 distance between the radiometer and the measuring surface. 

By using a deviating means, the distance between the IR detector and the light source 
can be selected sufficiently large, so that a good thermal insulation between the IR 
detector and the light source may be achieved. A poor thermal insulation between the IR 
25 detector and the light source reduces at least the measuring accuracy, and may even 
result in incorrect measurements. 

For saving additional lenses, the deviating means may advantageously comprise a lens 
function, so that light beams hitting the deviating means at different locations are 
30 deflected about different angles. 

The advantage of a prism resides in the small absorption thereof. 

If the deviating means is formed by a mirror, the thickness of the reflecting metal layer 
35 may be selected such that the IR radiation nearly totally passes the minror and visible 
light is neariy totally reflected. 
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The advantage of a bore in the center of the lens resides in that the IR-transparent lens 
material does not weaken the visible light serving marking purposes, whereas a 
misalignment between the beam paths of the IR radiation and the visible light is avoided. 

5 

Alternatively, the deviating means may comprise a central hole, through which the IR 
radiation falls on the IR detector in an unweakened fashion. The visible light serving 
marking purposes, on the other hand, falls through the edge of the IR lens, so that it only 
has to pass a short distance in the IR-transparent lens material and is, therefore, 
10 weakened only slightly. 

One or more lenses in the beam path of the visible light may expand the beam path of 
the visible light. Thus, the angular region, about which the visible light beam originally 
has to be deflected, can advantageously be reduced. 

16 

By inclining the lens, the same may advantageously at the same time serve as a mirror. 
For improving the reflection of visible light, the side of the lens facing the measuring 
surface may be provided with a thin metal layer. 

20 The advantage of controlling the direction of the light beam by a piezoactuator resides in 
that piezoactuators, especially piezo-bending actuators, are inexpensive and robust and 
only require little electric power during operation. 

Semiconductor lasers constitute an intensive light source, the light of which can be 
25 parallelized with little effort and high accuracy. 

The attachment of the light source at one end of the piezoactuator advantageously 
avoids additional mechanical components like axles and bearings. 

30 The rotation of the light source about an axis, which advantageously extends through the 
center of gravity of the light source, results in a smaller mechanical inertia than does an 
attachment of the light source on the piezoactuator. In this way, the direction of the 
visible light beam may be changed faster. 



An even larger reduction of the mechanical inertia is provided by a system according to 
which the piezoactuator carries a mirror or is metallized itself. In contrast to the 
piezoactuator, a thin metal layer serving as a mirror has a mass to be neglected. 

5 In all embodiments, in which all piezoactuators are firmly clamped on one side, no 
connecting lines have to be moved, as the connecting lines may be connected with the 
firmly clamped side of the piezoactuator. 

A marking of the measuring surface by points has a smaller surface to be illuminated 
10 than a circular marking. If the luminous power is limited, the points may therefore be 
illuminated brighter. 

By the running light type illumination of points, additional information on the change of 
the measured value can be shown. The direction may thereby constitute the sign of the 
15 change and the speed the absolute value of the change. 

Flashing points may advantageously constitute an alarm. The alarm may be released 
once the measured value exceeds or is below a threshold value. 

20 Brief Description of the Drawings 

The invention will hereinafter be explained in more detail by means of preferred 
embodiments with reference to the attached drawings. Identical parts are thereby 
designated by the same reference numbers, wherein 
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Fig. 1 



shows a radiometer, wherein a visible laser beam is deviated by a prism 
and falls through an IR lens on the object to be measured; 
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Fig. 2 



shows a similar radiometer as the one in Fig. 1 , wherein the prism expands 
the beam paths of the laser beam; 



Fig. 3. 



shows a similar radiometer as the one in Fig. 1 , wherein the visible laser 
beam is deviated by an IR-transparent mirror; 



35 



Fig. 4. 



shows a similar radiometer as the one in Fig. 3, wherein the mirror 
comprises a central hole; 
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Fig. 5 shows a similar radiometer as the one in Fig. 3, wherein a coating of a lens 

forms the IR-transparent mirror; 

5 Fig. 6 shows an assembly of two piezo-bending actuators for controlling the 

direction of a laser beam; 

Fig. 7 shows a cardanic suspension of a laser from the top; 

10 Fig. 8 shows a cardanic suspension of a laser illustrated in Fig. 7 from the back; 

Fig. 9 shows a cardanic suspension of a laser from the top with a deflected X- 

piezo-bending actuator; 

15 Fig. 10 shows a cardanic suspension of a laser illustrated in Fig. 9 with a deflected 
X-piezo-bending actuator from the back; 

Fig. 1 1 shows a lateral view of a laser suspended on wires; 

20 Fig. 12 shows the suspension of a laser illustrated in Fig. 1 1 from the back; 

Fig. 13 shows the suspension of a laser illustrated in Fig. 1 1 from the top; 

Fig. 14 shows a lateral view of an embodiment for the deflection of a laser beam 
25 by metallized piezo-bending actuators; 

Fig. 15 shows the embodiment illustrated in Fig. 14 from the back; 

Fig. 16 shows circulating markings about the measuring surface; 

30 

Fig. 17 shows a flashing of the marking; 

Fig. 18 shows a sectorized deflection mirror; 

35 Fig. 19 shows a produced point image; 
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Fig. .20 shows a lateral view of a sighting device with a piezoactuator; 

Fig. 21 shows a rear view of the sighting device with a piezoactuator; 

5 Fig. 22 shows a lateral view of a sighting device with a mirror wheel; 

Fig. 23 shows a top view of a sighting device with a beam saw; 

Fig. 24 shows a top view of another sighting device with a beam saw; 

Fig. 25 shows an exploded view of a laser ring; and 

Fig. 26 shows a block diagram of a laser control. 

15 Detailed Description of the Invention 

Fig. 1 shows a first embodiment of a radiometer 1 with a laser sighting device. The 
radiometer 1 comprises a pyrosensor 2, an IR lens 3, a housing 5, a laser module 6, a 
lens 7, a prism 8 as well as a holding device 9. 

20 

The pyrosensor 2 serves as IR detector. In the embodiment illustrated in Fig. 1 the 
distance between the pyrosensor 2 and IR lens 3 is just as large as the focus of the IR 
lens 3, so that the IR lens 3 infinitely projects the pyrosensor 2. The aperture angle 9 
(reference number 13) of the IR beam path 4 results as quotient of the diameter of the 
25 pyrosensor 2 divided by the focus of the IR lens 3. If, for example, the IR lens 3 

constitutes a 40:1 optics, it means that the aperture angle 9 0.025 in radian measure is 
correspondingly 1.4''. With a 5 meter distance, this results in a measuring surface having 
a diameter of 12.5 cm. 



30 For being able to correctly mark the measuring surface, the aperture angle 0 (reference 
number 12) of the sighting beam path 11 should correspond to the aperture angle 9 of 
the infrared beam path 4. It should be noted that the measuring surface is not sharply 
limited. Provided that the distance between the measuring surface and the IR lens 3 is 
large over the diameter of the IR lens 3, the measuring surface has a transitional area at 

35 its edge, whereof the width corresponds, in a radial direction, approximately to the 
diameter of the IR lens 3, largely independently of the distance from the IR lens 3. IR 
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radiation from the inside of the measuring surface, the outer edge of which is formed by 
the inner edge of the transitional area, is weighted largely identically during the 
temperature measurement, regardless of the location of its emissions. Within the 
transitional area the weighting of IR radiation becomes the smaller, the larger the 
5 distance of the location of its emissions from the optical axis 17 is. At the outer edge of 
the transitional area the weighting reaches nearly 0. The deviation from 0 outside the 
transitional area can, among others, be explained by scattered light. 

If both aperture angles 9 and 0 of the IR beam path 4 or, respectively, the sighting beam 
10 path 1 1 are equally large, the marking 1 5 marks the center of the transitional area pretty 
exactly. The deviation from the center can, among others, be explained by that the 
visible light beams do not start out from the central point of the IR lens 3, but from the 
laser module 6. 

15 Due to the dispersion of the material of the IR lens 3 the laser module 6 and the 

pyrosensor 2 could be arranged at different locations on the optical axis 17. Zinc selenite 
(ZnSe), a popular IR lens material, has a slightly larger refractive index for visible light 
than for IR radiation. Therefore, laser module 6 would have to be arranged between 
pyrosensor 2 and IR lens 3, so that laser module 6 most likely screens off a major part of 

20 the IR radiation and heats the pyrosensor 2 due to the spatial proximity to the same. For 
this reason, a deviating means is used according to the embodiments described in 
connection with figures 1 to 5, so as to couple visible light into the IR beam path. 

According to the embodiment illustrated in Fig. 1 said deviating means is fomied by a 
25 prism 8. Prism 8 is fastened to the IR lens 3 by a holding device 9. The IR lens 3 may 
comprise a hole 10 so as to stop the absorption of visible light in the lens material. The 
holding device 9 may be fastened in hole 10 by means of a driving fit. Prism 8 and 
holding device 9 may be made of an injection molded part. According to another 
embodiment the prism 8 may be attached on the IR lens 3, for instance, by means of 
30 gluing. The absorption in the IR lens material according to this embodiment may be 
compensated by a higher luminous power of laser module 6. 

Instead of the aforementioned 1:40 optics, a 1:9 optics may likewise be used, which 
results in an aperture angle cp of about 6.4". it is difficult to produce such angles with 
35 piezo-bending actuators. For this reason, a concave lens 7 may be provided, which 

expands the aperture angle of the visible light beams emitted from laser module 6. Such 
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an expansion may be accomplished, in anotlier embodiment, by means of the prism 8. 
For this purpose, the prism 8 has a concave total reflection surface. In Fig. 1 the total 
reflection surface intersects the optical axis 17 approximately underneath an angle of 
45". 

5 

Different embodiments of laser module 6 will be described in connection with figures 6 to 
15. 

Fig. 2 shows a similar radiometer as the one illustrated in Fig. 1. Other than in Fig. 1, the 
10 visible light serving to mark 15 the measuring surface is not coupled into the IR beam 
path 1 1 undemeath an angle of 90**. The laser module 6 is rather located next to the 
pyrosensor 2, so that the laser light is coupled in from the back. In contrast to prism 8, no 
total reflection of the visible light takes place in the wedge-shaped prism 18. The visible 
light is rather refracted. According to the embodiment shown in Fig. 2 the prism 18 has a 
15 concave surface for expanding the sighting beam path. According to another 

embodiment, however, a prism with plane peripheries may also be employed. The 
advantage of the embodiment shown in Fig. 2 resides in the compact construction, with 
which a sufficient thermal decoupling between the pyrosensor 2 and the laser module 6 
is nevertheless obtained. 

20 

Fig. 3 shows a similar radiometer as the one illustrated in Fig. 1 . In contrast to the 
radiometer illustrated in Fig. 1, the visible laser beam in Fig. 3 is deviated by an IR- 
transparent minror. According to an embodiment, the reflecting layer is formed by a thin 
metal layer. Red light having a wavelength of 670 nm or 630 nm is commonly used as 
25 visible light. The IR radiation to be measured has wavelength in the range of 8 to 13 pm. 
Due to the skin effect, the longer wave IR radiation penetrates deeper into a thick metal 
layer. The thickness of a thin metal layer can, therefore, be selected such that visible 
light nearly completely reflects, while IR radiation, on the other hand, passes nearly 
unweakened. 

30 

Moreover, lens 7 in Fig. 3 is replaced by glass 32, so that no expansion of the aperture 
angle 12 of the sighting beam path 1 1 by glass 32 takes place. If an expansion of the 
aperture angle 12 is necessary, glass 32 may be replaced by lens 7, or a curved IR- 
transparent mirror 32 may be used. The glass 32 may also be made of a transparent 
35 plastics material. 
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Fig. 4 shows a similar radiometer as the one illustrated in Fig. 3, wherein the mirror 41 
has a central hole. The IR radiation falls through said central hole onto the pyrosensor 2. 
For this reason, the mirror 41 need not necessarily be IR-transparent. An IR- 
transparency is advantageous, however, since more IR radiation falls onto the 
5 pyrosensor 2, so that a more exact temperature measurement is possible. The visible 
light passes the IR lens 3 in its thin marginal area and is, for this reason, weakened to a 
smaller extent compared to when it would pass the IR lens 3 in the middle. 

According to the embodiment illustrated in Fig. 4 the pyrosensor 2 may be farther away 
10 from the IR lens 3 than Is the focus of the IR lens 3. In this case, the pyrosensor 2 is 
finitely projected along the optical axis 17, so that the measured beam path is a single 
shell hyperboloid (cf. DE 100 36 720 A1 , Figures 4 and 6). For being able to correctly 
mark the measuring surface according to this embodiment, independently of its distance 
from the IR lens 3, mirror 41 may form a piece-wise, continuous screw-shaped surface. 
15 The mirror may, for instance, have eight continuous sections and, thus, also eight points 
of discontinuity. By this it is possible to produce a sighting beam path having a waist S 
(cf. DE 100 36 720 A1 , Figures 4, 6). In another embodiment a plane mirror 41 and a 
facet lens known from DE 100 36 720 A1 may be employed for producing a sighting 
beam path having waist S. Here, the facet lens covers the marginal area of the IR lens 3. 

20 

According to the embodiment illustrated in Fig. 5 the front side of the IR lens 51 forms a 
min-or surface. The IR lens 51 may be vapor-plated with a thin metal layer 52 on its front 
side, i.e. the side facing the measuring surface. As was explained above, the thickness 
of the metal layer may be selected such that visible light nearly completely reflects, 

25 whereas the IR radiation is nearly completely transmitted. The radius of curvature of the 
front side defines as to how strongly the sighting beam path 1 1 is expanded by the 
reflection on the front side. No expansion takes place if the front side is flat, i.e. if the 
radius of curvature is infinite. The radius of curvature of the rear side, i.e. the side facing 
the pyrosensor 2, may be selected such that the desired focus of the IR lens 51 for IR 

30 radiation is obtained. 

Figures 6 to 15 show embodiments of the laser module 6. 

Fig. 6 illustrates an embodiment of a laser module 6, according to which two piezo- 
35 bending actuators 61 , 62 carry a laser 63. Piezo-bending actuators 61 and 62 may have 
a length of approximately 30 mm and a rectangular cross-section of 1 x 3 mm. Piezo- 
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bending actuators constitute an embodiment of piezoactuators. The piezo-bending 
actuators bend about their narrow side as is illustrated by means of arrows in Fig. 6. 
Piezo-bending actuator 61 is firmly connected to piezo-bending actuator 62 by a 
connector 66. The piezo-bending actuator 62 is firmly clamped on one end by means of 
5 attachment 67. Both piezo-bending actuators 61 and 62 are inclined against each other 
by 90'', so that piezo-bending actuator 61 deflects laser 63 horizontally (in X-direction) 
and piezo-bending actuator 62 deflects laser 63 vertically (in Y-direction). Piezo-bending 
actuators 61 and 62 are supplied with voltage, which may range between 0 and several 
100 V. by means of connecting lines 64 or 65, respectively. 

10 

Figures 7 to 10 show an embodiment of laser module 6, according to which laser 63 is 
cardanically suspended. An advantage of a cardanic suspension of the laser resides in 
the small mechanical inertia which allows, with the same force, a faster reaction. Laser 
63 can be rotated about two axes which may extend through its center of gravity. Fig. 7 
15 shows a top view. Fig. 8 shows the cardanic suspension from the back. 

The cardanic suspension comprises bearings 73, axes 74 and 75, arms 76 and 77 as 
well as guide mechanisms 78 and 79. Piezo-bending actuators 71 and 72 each engage 
with one end the guide mechanisms 78 or 79, respectively, and are clamped into 
20 bearings 73 at their other end. Piezo-bending actuators 71 and 72 provide for a 

horizontal or. respectively, vertical deflection, as is illustrated in figures 9 and 10. Another 
advantage of the cardanic suspension resides in that, due to the shorter length of arms 
76 and 77 versus piezo-bending actuators 71 and 72, the angularly small deflections of 
piezo-bending actuators of a few degrees can be multiplied. 

25 

Fig. 9 shows a cardanic suspension of a laser from the top with a deflected X-piezo- 
bending actuator, and Fig. 10 shows a cardanic suspension illustrated in Fig. 9 with a 
deflected Y-piezo-bending actuator from the back. 

30 According to another embodiment, arm 77 may be replaced by a piezo-bending actuator. 
In this embodiment, the piezo-bending actuator 72 may be omitted. 

Figures 1 1 and 13 show another embodiment of a cardanic suspension. According to 
said embodiment, arms 76 and 77 are replaced by wires 112 and 1 13 so as to further 
35 reduce the mechanical inertia. Wires 1 12 and 1 13 are fastened in bearings 111. Laser 63 
comprises edges 116 with notches 124 through which the wires 112 and 113 extend. 



Notches 124 define a horizontal axis about which laser 63 is deflected in a vertical 
direction by piezo-bending actuator 118. Bearings 111 define a horizontal axis about 
which laser 63 is deflected in a horizontal direction by piezo-bending actuator 123. The 
horizontal and the vertical axis are to extend through the center of gravity of laser 63 so 

5 as to keep the nnechanical inertia as small as possible. Wires 114 and 115 transmit the 
deflection of piezo-bending actuator 1 18 to laser 63. In order to prevent a looseness, leaf 
spring 117 tightens the wires 1 14 and 115. The deflection from piezo-bending actuator 
123 is transmitted to laser 63 by the wires 119 and 120 in a similar fashion. For this 
purpose, a helical spring 121 is provided so as to avoid any looseness. A helical spring 

10 may also be employed instead of a leaf spring 117. Also, a leaf spring may be employed 
instead of a helical spring 121. 

Figures 14 and 15 show an embodiment for the deflection of a laser beam by metallized 
piezo-bending actuators. Laser 63 emits visible light falling, at first, onto metallized piezo- 
15 bending actuator 141 . The same reflects the visible light further to metallized piezo- 
bending actuator 142, which deviates the visible light to prism 143. Similarly to the 
embodiment described in Fig. 1, the prism 143 deflects the visible light by approximately 
90**. The visible light finally falls through the IR lens 3 onto the measuring surface and 
marks the same. Piezo-bending actuators 141 and 142 enclose an angle of 90''. 

20 

Piezo-bending actuator 141 provides for a deflection in the X-direction. Piezo-bending 
actuator 142 provides for a deflection in the Y-direction. The beam paths for two 
deflected positions a and b of piezo-bending actuator 141 as well as two deflected 
positions c and d of piezo-bending actuator 142 are shown particularly in Fig. 15. For 

25 positions a and b it is assumed that piezo-bending actuator 142 is not deflected. This 
applies analogously to positions c and d and piezo-bending actuator 141 . The beam 
paths are likewise designated by one of the letters a to d. Without a deflection of piezo- 
bending actuators 141 and 142, the laser beam defines a laser plane parallel to the lens 
plane of IR lens 3, before the laser beam is deflected from the laser plane by means of 

30 prism 143. By the deflection of one of said two piezo-bending actuators 141 or 142 the 
laser beam is likewise deflected from the laser plane, as is illustrated in Fig. 14. 

According to a modification of this embodiment, piezo-bending actuator 142 may be 
replaced by a segmented mirror. This mirror is formed such that the shape of its outer 
35 portion corresponds to the metallized piezo-bending actuator 142 in a rest position. Thus, 
the beam paths a and b remain unchanged. The inner portion may, for instance, 
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comprise two segments, whereby the one segment is parallel to the mirror surface of 
piezo-bending actuator 142 in position c, while the other segment is parallel to the mirror 
surface of piezo-bending actuator 142 in position d. Thus, beam paths similar to the 
beam paths c and d are formed. According to another modification also several, such as 
5 six segments may be provided, wherefrom eight sighting beams result. Since piezo- 
bending actuator 141 approximately executes a sinusoidal oscillation, the inner 
segments may be chosen larger than the outer segments. Thus, it is obtained that each 
sighting beam gets an identically large share of the laser light, so that the marking points 
appear to be equally bright. 

10 

Fig. 16 shows an example of the marking of the measuring surface 161 by points 16. If 
the periphery of the measuring surface 161 is marked merely with a small number of 
points 16, the surface to be illuminated is smaller as if the entire periphery were to be 
illuminated. If the luminous power is the same, points therefore appear brighter than the 
15 peripheral line. In Fig. 16 the number of points is 8. 

If the peripheral line or the individual points are illuminated at a frequency of more than 
25 to 30 Hz, a viewer will no longer perceive the flickering. For providing the viewer with 
additional information, the peripheral line may be traveled along clockwise or anti- 

20 clockwise at a frequency of less than 20 Hz. The viewer now notices that one marker 
runs around the measuring surface. The rotational frequency can correspond to the 
absolute value of the change of the measured temperature. The sense of rotation can 
display the sign of the change of the measured temperature. For instance, a temperature 
increase can be depicted by a clockwise rotation, and a temperature drop can be 

25 depicted by an anticlockwise rotation. 

By stepwise relaying the deflection of laser 63, the viewer may gain the impression that 
merely a limited number of points, e.g. eight, is illuminated. If the relaying between the 
individual points takes place at a frequency of less than (20 Hz * number of points), it will 
30 be perceived by the viewer. As was explained above, the sense of rotation may display 
the sign, and the frequency the absolute value of the change of the changed 
temperature. 

Moreover, it is feasible to let the points 16 or the peripheral line flash. For this purpose, 
35 the points 16, or the peripheral line, are illuminated at a frequency of more than 30 Hz. In 
addition, laser 63 is switched on and off at a frequency of below 20 Hz, which the viewer 
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perceives as flashing or flickering in response to the frequency. In Fig. 17, the flashing or 
flickering 171 is illustrated by dashed lines. Said operation nnode may be employed for 
representing an alarm. The alarm may, for example, be released when the measured 
temperature exceeds a threshold value or is below the same. Said operation mode may, 
5 however, also be used for displaying the end of a temperature measurement, or for 

displaying when the absolute value of the time derivative of the measured temperature is 
below a predefined threshold value. 

According to another embodiment laser module 6 moves laser 63 and, thus, the laser 
10 beam at a constant angular velocity 2nf of more than 27t(30 Hz). Laser 63 is switched on 
for a short time period t at a frequency of n*f, with time t being short over 1/(n*f). During 
time t, laser 63 is operated at an increased power so that the medium power of laser 63 
is as high as that of the other embodiments, according to which laser 63 is operated in a 
continuous wave mode. According to this embodiment, too, the measuring surface is 
15 marked by bright short dashes or points. 

Fig. 18 shows a sectorized mirror 181 having seven concave sectors 182 and one 
inwardly inclined concave sector 183. The sectorized mirror 181 may replace the IR- 
transparent mirror 31 in Fig. 3 or mirror 41 in Fig. 4. Moreover, prisms 8 or 143 may be 

20 replaced by the sectorized mirror 181 . Said embodiment is similar to the one shown in 
Fig. 3, however, the sectorized mirror according to this embodiment only covers the 
central portion about the optical axis of the IR radiation. Finally, the fonri of the total 
reflection surface of prism 8 may correspond to the form of sectorized mirror 181 . 
Similarly, the concave surface of prism 18 may correspond to the form of the sectorized 

25 mirror 181 . The sectorized mirror 181 may, for instance, be fabricated by means of 
injection molding. 

The purpose of the sectorized mirror 181 resides in that the stepwise relaying of the 
deflection of laser 63 is accomplished by the sectorized mirror 181 , while the laser 

30 module 5 guides laser 63 at a constant angular velocity. Each individual concave sector 
182 of the sectorized mirror 181 projects the laser beam onto one point 16, whereas the 
inwardly inclined concave sector 183 projects the laser beam onto the central point 191. 
In general, it is impossible that the laser beam - regardless of the distance between the 
measuring surface and the IR lens 3 - be projected by each sector 182 and 183 exactly 

35 onto one point. Nevertheless, the brightness of the point-wise marking clearly increases 
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over an illumination of the entire peripheral line of the measuring surface, even if short 
dashes are illuminated instead of points. 

According to another embodiment the sectorized mirror 181 may comprise merely 
5 concave sectors 182. The central point 191 is then missing in the point image. 

Figures 20 and 21 show an embodiment, according to which only one piezo-bending 
actuator is necessary. Said embodiment comprises a laser 63, piezo-bending actuator 
201, a plough mirror 202, a segmented mirror ring 203 with mirror segments 204 and 
10 lateral mirrors 205. Said components produce sighting beams 206. As was explained 
above in connection with other embodiments, the pyrosensor 2, the IR lens 3 and the 
housing 5 serve the contactless temperature measurement. The mirror ring 203 with 
mirror segments 204 and lateral mirror 205 may be an injection molded part. Also the 
plough mirror 202 may be an injection molded part. 

15 

The segmented mirror ring can be arranged in a plane perpendicularly to the optical axis. 
In its rest position, the piezo-bending actuator 201 is arranged parallel to the optical axis. 
The piezo-bending actuator 201 moves the plough mirror 202 backwards and forwards. 
In Fig. 21, a position of the plough mirror 202 is illustrated with continuous lines, and 

20 seven other positions are illustrated in dotted lines. In response to the position of the 
plough mirror 202, the laser beam is deviated to one of a total of eight mirror segments 
204. Said beam paths are shown in both Fig. 20 and Fig. 21. Each mirror segment 204 
deviates the laser beam again to one of eight sighting beams 206. In order to prevent the 
beam paths particularly to the lower four mirror segments from extending through the IR 

25 beam path, which would accordingly require bores in the housing 5, lateral mirrors 205 
are provided. As can be seen especially in Fig. 20, the beam paths to the lower mirror 
segments extend parallel to the beam paths to the upper mirror segments in the upper 
half. 

30 Since the piezo-bending actuator 201 in this embodiment, too, approximately executes a 
sinusoidal oscillation, the mirror segments in the middle may be larger than the upper 
and the lower mirror segments, for illuminating all markers equally bright. 



It is obvious to persons skilled in the art that by the orientation of the individual mirror 
35 surfaces of mirror segments 204, parallel, diverging or skew sighting beams 206 can be 
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produced. If the IR lens 3 finitely projects the pyrodetector 2, especially skew sighting 
beams are suited to mark the measured hyperbolold (cf. DE 100 36 720 A1). 

In modifications of this embodiment the plough mirror 202 may be formed of more than 
5 two segments. Thus, the laser beam may be deviated directly, i.e. not via the lateral 
mirror 205, to the lower mirror segments 204. Moreover, the individual mirror segments 
of the plough mirror 202 and the mirror segments 204 may be concave or convex so as 
to minimize a movement of the sighting beams in a preferred measuring distance. The 
mirror segments may also be formed in a convex fashion such that the convex form 
10 compensates the movement of the plough mirror 202 caused by the piezo-bending 
actuator 201. This, too, minimizes the movement of the sighting beams. 

Fig. 22 shows an embodiment similar to that of Fig. 21 . However, the plough mirror 202 
has been replaced by a mirror wheel 221 . The mirror wheel 221 is driven via a driving 
15 belt 222 by motor 223. Both the mirror ring 203 and the mirror wheel 221 comprise a 
central opening through which the infrared radiation falls from the measuring surface 
through lens 3 onto the pyrosensor 2. The central opening of mirror wheel 221 is slightly 
larger than that of the mirror ring 203, allowing also the sighting beams 1 1 to reach the 
measuring surface through said opening. 

20 

The mirror wheel 221 and the mirror ring 203 comprise the same number of mirror 
segments. Each mirror segment on the mirror wheel 221 has an angle different from the 
beam of laser 63, when the beam hits the mirror segment. By this, each segment of the 
mirror wheel 221 directs the laser beam to a corresponding mirror segment on the mirror 

25 ring 203 and, thus, to a corresponding measuring point 16. If each mirror segment forms 
a section from a surface area of a cone, the laser beam is deflected immediately, despite 
the movement of the mirror wheel 221 , as long as it encounters a mirror segment of 
mirror wheel 221. This eliminates the movement of the markers 16. Each mirror segment 
on the mirror wheel 221 covers the same angular area on the mirror wheel 221 so as to 

30 ensure an equal brightness of the markers. 

Figures 23 and 24 show similar embodiments, wherein the mirror wheel 221 has been 
replaced by a beam saw 231 , however. Similar to the mirror wheel 221 , the beam saw 
231 likewise comprises mirror segments with a different alignment. Again, each mirror 
35 segment on the beam saw 231 is associated with a mirror segment on the mirror ring 
203. The beam saw 231 is retained by bearing 232 and by adjustment bearing 233. The 



adjustment bearing 233 allows the rotation of the beam saw 231 about its longitudinal 
axis so as to align the mirror segments of the beam saw 231 . According to further 
embodiments the bearing 232 and/or the adjustment bearing 233 may be movable for 
adjusting purposes upwards and downwards in the plane of projection and/or 

5 perpendicularly to the plane of projection. The adjustment may be accomplished by 
means of an adjusting screw for each degree of freedom. For avoiding looseness the 
bearings may be biased by springs against the adjusting screws. The beam saw 231 is 
driven by a motor 237 via an eccentric 236 and a connecting rod 234. The connecting 
rod 234 may comprise an adjusting screw 235 by means of which the length of the 

10 connecting rod 234 can be varied. The adjusting screw 235 may be provided with a left- 
handed thread for the right-handed connecting part, and a right-handed thread for the 
left-handed connecting part. After the adjustment, the adjusting screw 235 may be fixed 
by means of a screw lacquer. 

15 Due to the drive by means of the eccentric 236 and the connecting rod 234 the beam 
saw 231 approximately executes a sinusoidal movement. For achieving an identical 
brightness of the mariners, the inner mirror segments on the beam saw 231 are larger 
than the outer ones. The brightness of the individual markers may, however, also be 
modified and particularly adapted by means of amplitude and/or pulse width modulation. 

20 The embodiment shown in Fig. 24 differs from that of Fig. 23 merely by the drive of the 
beam saw 231 . According to Fig. 24 the beam saw 231 is driven by a coil 238 which, in 
response to the current flow, more or less immerses into magnet 239. The spring 240 
defines the rest position of the beam saw 231 . The time progress of the velocity of the 
beam saw 231 may approximately be triangular or sinusoidal. In both cases, the inner 

25 segments must be larger than the outer ones so as to ensure an identical brightness of 
the markers with a temporally constant laser power. 

In each of the embodiments shown in Figures 20, 21 , 23 and 24 each mirror segment is 
scanned twice during a movement period of the plough min^or 202 or beam saw 231 . By 

30 switching off the laser 63 during the forward and backward movement at movement 
frequencies of the plough mirror 202 or the beam saw 231 of below 20 Hz, the viewer 
perceives the rotation of the markers around the measuring surface clockwise or 
anticlockwise. Thus, the viewer can be displayed an increase or drop of the measured 
temperature. The frequency can visualize the absolute value of the time derivative of the 

35 measured temperature. 
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At movement frequencies above 25 to 30 Hz of the plough mirror 202. mirror wheel 221 
or beam saw 231 the viewer perceives the markers as a standing pattern. By switching 
the laser 63 on and off, the brightness of individual markers may be varied. Moreover, by 
skillfully switching the laser 63 on and off synchronously with the movement of the 

6 plough minror 202, mirror wheel 221 or beam saw 231 , merely a subgroup of markers 
can be illuminated. If the subgroup merely includes one marker, and if the subgroup 
changes to the next marker after a short time, the user gets the visual impression that 
the marker travels around the measuring surface. By skillfully switching the laser 63 on 
and off, all local and temporal marking patterns can be represented, which will 

10 hereinafter be explained in connection with the embodiment illustrated in figures 25 and 
26. 

In all embodiments comprising a mirror ring 203, the number of mirror segments 204 
defines the maximum number of markers. In one embodiment six of such mirror 
15 segments may be provided, eight in another one. 

Fig. 25 shows an explosive view of a laser ring for a sighting device for a radiometer. Fig. 
26 shows a block diagram of a control circuit for the lasers of the laser ring. According to 
the embodiment illustrated in Figures 25 and 26 a light source, especially a 
20 semiconductor laser 244, is provided for each marker. 

Particulariy inexpensive lasers have the problem that their optical axis is not aligned 
versus the housing. For this reason, conical individual receptacles 242 are provided. 
Both the interior and the exterior of said receptacles 242 are conical. Each laser 244 is 

25 introduced into a receptacle 242. The optical axis of the laser 244 is then aligned parallel 
to a mechanical axis of the individual receptacle 242. The mechanical axis may, for 
instance, be the rotational axis of the individual receptacle 242. For being able to align 
the connecting wires of lasers 244 versus laser ring 241 in a defined manner later, the 
individual receptacles 242 may be provided with a groove 248. For this reason, the 

30 mechanical axis of an individual receptacle need not necessarily be the symmetrical axis 
thereof. 

After the alignment, the housing of lasers 244 is cast with the individual receptacle 242 
by means of a casting compound 243. The casting compound may, for example, be an 
35 elastomer or an epoxy resin adhesive. 
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The laser ring 241, which serves as overall receptacle, has a hollow space 247 for each 
laser. The interior of each hollow space 247 is likewise conical and has a positive fit with 
the exterior of the individual receptacles 242. Therefore, if lasers 244 aligned and cast in 
the individual receptacles are introduced into the hollow spaces 247 of the laser ring 241 , 
5 the lasers 244 are automatically aligned versus the laser ring 241 . Finally, the circuit 
board 245 is mounted. 

The laser ring 241 is, moreover, shaped such that it is automatically aligned, after its 
assembly into the housing of the radiometer, versus the optical axis of the IR beam path. 

Fig. 26 shows a block diagram of a control circuit 250 for lasers 244. The control circuit 
244 comprises lasers 244, photodiodes 251 , switching transistors 252, power transistors 
253, resistor 254, controller 255, resistor 256, D/A converter 257, shift registers 258 and 
259 and a power supply connection 260. The two shift registers 258 and 259 may be 
replaced by a processor 261, especially by a microcontroller or an expansion port. 

The control circuit controls, for instance, eight lasers 244 via a microcontroller. The 
lasers are controlled according to a multiplex method, so that only one laser is switched 
on at one time. According to another embodiment also two lasers can be switched on 
20 simultaneously. In this embodiment, two controllers 255 are provided. The lasers have a 
power consumption of about 50 mA. 

As the laser performance is limited due to safety reasons and has to be adapted for each 
laser individually, the control is configured such that an individual target value can be 
adjusted for each laser. The different target values are digitally stored in microcontroller 
261 . Shift register 259 issues the current target value to the D/A converter 257. The 
same carries through a digital/analog conversion and issues the analog target value to 
controller 255. The actual value for the laser control is obtained from photodiodes 251 . 
The photocurrent generates a voltage drop at resistor 256 and is supplied to controller 
255 as actual value. A photodiode 251 is comprised in each laser 244. For being able to 
do with a smallest possible number of pins the photodiodes are connected in parallel. 

The selection of the lasers is accomplished via the shift register 258 and the switching 
transistors 252. The shift register 258 ensures that merely one of the switching 
35 transistors 252 is switched to be conductive, so that the switching transistors act as 
switching elements. The conductive switching transistor connects the corresponding 
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laser with power transistor 253. Said transistor 253 receives the output signal from the 
controller 255 via the resistor 254. 

As an alternative to the control via the shift registers 258 and 259 a parallel bus with a 
5 total width of eight bit may be employed. Four bit thereof are intended for the D/A 

converter, 257.3 bit for the laser selection with a subsequently connected one from eight 
decoder, and one bit for power down. 

The multiplex frequency is in the range of below 1 kHz. The operational voltage Us for 
10 the lasers need not be stabilized, but must be larger than 2.3 V. 

The control of the lasers 244 can now be accomplished in that they are successively 
switched on at a frequency of more than approximately 25 to 30 Hz. As was mentioned 
above, the multiplexing is, in this case, invisible for the viewer, and the marking of the 
measuring surface appears as a standing image. If the multiplexing is accomplished at a 
lower frequency than approximately 20 Hz, the viewer will perceive the same as a 
running light effect. The frequency may be selected proportionately to the absolute value 
of the time derivative of the measured temperature, and the direction of rotation may 
indicate the sign of the temperature change. 

Moreover, by illuminating a subgroup of lasers at a frequency of more than 25 Hz, 
geometric shapes such as a triangle, square, lozenge, hexagon etc. may be displayed. 
Said images may then be associated with certain measured states. Measured states 
may, for example, be: Measured temperature is within a temperature range, measured 
temperature exceeds a limit value or is below the same, or battery alarm. 

The lasers may also be divided into two subgroups. The lasers of the first subgroup are, 
for example, switched off and on so fast that this will be perceived by the viewer as a 
permanent light. The lasers of the second subgroup are switched off and on so slowly 
30 that the viewer will perceive the flashing. By this combination, both the change rate of the 
measured temperature and the measured states can be visualized to the viewer. 

Instead of lasers, other light sources can likewise be employed in the above 
embodiments. This relates, above all, to LEDs and arc lamps having a conresponding 
35 optics. 
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Above, the invention was explained in more detail by means of preferred embodiments. 
A person skilled in the art will appreciate, however, that different modifications are 
possible, without deviating from the spirit of the invention. Therefore, the scope of 
protection will be defined by the hereinafter following claims and their equivalents. 
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List of Reference Numbers 





1 


radiometer including laser 




74, 75 axis 




sighting device 




76, 77 arm 


5 


2 


pyrosensor 




78, 79 guide mechanism 




3 


IR lens 


40 


111 


bearing 




4 


IR beam path 




112. 113, 114, 115, 119, 120 wire 




5 


housing 




116 


edge 




6 


laser module 




117 


leaf spring 


10 


7 


lens 




1 1 8, 1 23 piezoactuator 




8 


prism 


45 


121 


helical spring 




9 


holding device 




122 


center of motion 




10 


hole 




124 


notch 




11 


sighting beam path 




141, 142 piezo-bending actuator 


16 


12 


aperture angle of the sighting 




143 


prism 




beam path 


50 


161 


measuring surface 




13 


aperture angle of the IR beam 




171 


flashing 




path 






181 


sectorized mirror 




14 


radius difference 




182 


concave sectors 


20 


15 


marking 




183 


inwardly inclined concave sector 




16 


markers 


55 


190 


point image 




17 


optical axis 




191 


central point 




18 


lens prism 




201 


piezo-bending actuator 




31 


IR-transparent mirror 




202 


plough mirror 


25 


32 


glass 




203 


segmented mirror ring 




41 


mirror with a hole 


60 


204 


mirror segments 




42 


concave lens 




205 


lateral mirror 




51 


inclined IR lens 




206 


sighting beams 




52 


metallization 




221 


mirror wheel 


30 


61 ,62 piezo-bending actuator 




222 


driving belt 




63 


laser 


65 


223 


motor 




64, 65 connecting line 




231 


beam saw 




66 


connector 




232 


bearing 




67 


attachment 




233 


adjustment bearing 


35 


71 , 72 piezoactuator 




234 


connecting rod 




73 


bearing 


70 


235 


adjusting screw 



236 


eccentric 


237 


motor 


238 


coil 


239 


magnet 


5 240 


spring 


241 


laser ring 


242 


conical receptacles 


243 


casting compound 


244 


laser 


10 245 


circuit board 



246, 247 hollow space 
248 groove 
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250 


laser control 


251 


photodiodes 


15 252 


switching transistors 


253 


power transistor 


254 


resistor 


255 


controller 


256 


resistor 


20 257 


D/A converter 



258, 259 shift registers 

260 supply voltage connection, V, 

261 processor 
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